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Abstract: Studies have shown that the development of breast cancer (BC) is a multi-step process that occurs se-
quentially from normal to usual hyperplasia, atypical hyperplasia, carcinoma in situ, and finally the invasive stages 
of carcinoma. Our study investigated the histopathological alterations in breast tissue in a Sprague-Dawley (SD) 
rat model induced by 7,12-Dimethylbenz (a) anthracene (DMBA) and estrogen-progestogen (E-P). Fifty rats were 
randomly divided into five groups (n = 10 each) and administered the E-P/DMBA combination. After the induction 
of BC, breast tissue samples were obtained from the rats and stained with hematoxylin-eosin (HE). Breast tissues 
from 10 rats and 10 human patients were obtained for comparison. The expression of P63, CK5/6 and CK34βE12 
was observed and analyzed using the SPSS 17.0 software. The HE results showed ductal epithelial hyperplasia with 
forming a second lumen or papillary structure, atypical hyperplasia with atypical proliferative cells, forming a cross-
bridge or cribriform structure in breast tissues from the rats samples. The IHC results showed that the expression 
of P63 was not significantly different between rat and human breast tissue (P > 0.05), but its expression in rat and 
human tissue was significantly different between UDH, ADH, DCIS and IDC (P < 0.01). A similar trend was observed 
for the expression of CK5/6 and CK34βE12 too. Thus, the findings in this model may reflect the histopathological 
changes that occur during the progression of human BC. Therefore, this model could be used for the establishment 
of BC models to investigate the prevention and treatment of BC.
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Introduction

Breast cancer (BC) is one of the most common 
malignancies that affect women worldwide, 
and its morbidity has been increasing every 
year. Recently, more attention has been direct-
ed towards breast cancer prevention. There are 
several well-established experimental animal 
models of BC that provide a wide range of 
options for investigating the environmental and 
genetic factors associated with BC and the 
therapeutic methods. These models can be 
separated into induced and transgenic models, 
and they vary with regard to their suitability for 
investigating each of these factors. Using a rat 
BC model induced by chemicals, Singh et al. [1] 
concluded that the histopathological changes 

that occur in BC in rats are similar to those in 
human beings.

Numerous factors and molecular and cellular 
pathways are considered to be involved in the 
development and carcinogenesis of the mam-
mary gland [2, 3]. 7,12-Dimethylbenz (a) anthra-
cene (DMBA), a highly toxic chemical, is one of 
these ecological factors, and it is frequently 
used to induce tumors in animal experiments. 
Researchers have concluded that it is a poten-
tial carcinogen and could act at numerous sites, 
including the skin [4], mammary gland [5], oral 
cavity [6] and also the pancreas [7]. It is a prec-
arcinogen that unlike other carcinogens such as 
N-nitrosomethylurea [8] can be converted into 
the ultimate carcinogenic metabolite DMBA-
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3,4-dihydrodiol-1,2-epoxide [9]. Similar to the 
structure of the human breast, the rat mam-
mary gland is also believed to have a terminal 
duct-lobular unit (TDLU) and is comprised of a 
terminal duct and lobules. The model induced 
by DMBA closely resembles human BC originat-
ing from TDLU, and the histopathological 
changes and hyperplastic progression to form 
premalignant and then malignant lesions are 
alike in many respects to those of human BC 
[10]. Thus, DMBA-induced mammary gland 
tumors in rats are a useful tool for investigating 
the mechanisms of pathogenesis and develop-
ment of human BC and its prevention. 

The mammary gland is a hormone-dependent 
organ that is affected by steroid hormones 
secreted by the ovaries. Ohi [11] found that BC 
is induced by DMBA under hormonal conditions 
in which suitable levels of estrogen are present. 
They also proposed that the growth of DMBA-
induced BC in rats is accelerated by additional 
administration of progestogen. Numerous stud-
ies have shown that estrogen could stimulate 
ductal growth, epithelial hyperplasia, and the 
development of milk ducts and lobules sur-
rounded by connective tissue, and increase the 
number of progestogen receptors in breast 
cells to promote lobular acinar development. 
The principal role of progestogen is to facilitate 
the complete development of breast lobules 
and acini, based on estrogen stimulation of 
breast ductal tissue [12]. During puberty, estro-
gen directly stimulates duct development, while 
progestogen promotes epithelial cell DNA syn-
thesis and acinar development [13]. 

Although there have been various BC models 
induced by DMBA in rats, so far, the histomor-
phological changes in these models induced by 
DMBA have not been studied too well. Herein, 
we studied the histomorphological changes in 
rat breast tissue induced by DMBA and estro-
gen-progestogen combinations, in order to 
understand whether the development of BC in 
rats is similar to that in human beings, and pro-
vide a pathological standard for the establish-
ment of BC models.

Materials and methods

Animals and treatments

Fifty Sprague-Dawley (SD) non-inbred female 
rats (weight, 40-50 g; age, 21 days) with a 
5-day menstrual cycle were bought from the 

Shandong University Experimental Animal 
Center. To prepare the DMBA (Sigma Chemical 
Co., St. Louis, MO) solution, 1 g DMBA was dis-
solved in 100 ml of olive oil. The end concentra-
tion was 10 mg/ml (dissolved in olive oil at a 
dosing concentration of 12 ± 20 mg in 1 ml).  
All the procedures were in accordance with  
the guidelines of the Bioethics Committee  
of Shandong University. Paraffin-embedded 
breast tissue from 10 female patients was col-
lected from the Department of Pathology, 
Affiliated Hospital of Shandong Academy of 
Medical Sciences; samples of normal breast 
ductal tissue (ND), usual ductal hyperplasia 
(UDH), atypical ductal hyperplasia (ADH), ductal 
carcinoma in situ (DCIS) and invasive ductal 
carcinoma (IDC) lesions were obtained. The 
samples were obtained from patients who had 
not undergone chemoradiotherapy before radi-
cal mastectomy for the BC. Ten rat tissue sam-
ples of the same lesions as collected for the 
human tissue were obtained.

All the animals were maintained in an environ-
mental-controlled room with clean air at 24°C 
with a 12-h light/12-h dark cycle. They were fed 
standard fodder and tap water. The rats were 
divided into five groups of 10 rats each after 7 
days of acclimatization: G0, blank control group 
in which the rats were treated with saline; GI, 
the rats were treated with 0.15 mg/kg of intra-
gastric DMBA on the 1st, 55th, and 96th day of 
the experiment; GII, the rats were treated with 
0.2 mg/kg of intra-gastric DMBA on the 1st, 
55th, and 96th day; GIII, the rats were treated 
with 0.25 mg/kg of intragastric DMBA on the 
1st, 55th, and 96th day; GIV, the rats were 
treated with 0.3 mg/kg of intragastric DMBA on 
the 1st, 55th, and 96th day. The rats in all four 
groups were administered an intraperitoneal 
injection of estradiol benzoate at a dose of 0.5 
mg/kg a day from the first to third days. An 
intraperitoneal injection of progestin was 
administered at a dose of 4 mg/kg a day on the 
4th day, and the rats were observed on the 5th 
day (each cycle lasted 5 days) till the endpoint.

Rat sample collection and processing

After DMBA or hormone administration, all the 
rats were palpated every week and were exam-
ined by ultrasound examination twice a week. 
When palpable masses were found or when the 
ultrasound examination revealed abnormal 
breast images, the rats were immediately treat-
ed with an intraperitoneal injection of 10% 
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presence of atypical epithelia cells in the duct, 
solid or cribriform morphology, and comedo 
necrosis in the center. IDC was characterized 
by infiltration of the cancer cells into the inter-
stitial tissues and through the basement mem-
brane of the duct. 

Immunohistochemistry

P63 expression, indicated by dark brown stain-
ing, was observed in the nucleus of myoepithe-
lial cells of the peri-duct. P63 expression was 
divided into three categories [14]: negative 
expression, none of the cells stained positive; 
diffuse positive, ≥ 10% of the cells stained pos-
itive and the myoepithelial cells also showed 
continuous expression; focal positive, < 10%  
of the cells stained positive and the myoepithe-
lial cells showed focal or discontinuous 
expression.

Positive expression of CK5/6 and CK34βE12 
was found in the cell cytoplasm. The expres-
sion was evaluated using a semiquantitative 
method, according to which the staining inten-
sity (0, 1, 2 or 3+) was multiplied by the per-
centage of positive cells, and the final score 
was called the intensity score.

Statistical analysis

The quantitative data were recorded as 
_
X  ± SD 

and analyzed by one-way ANOVA and t-test, but 
the counting data were analyzed with the χ2-test 
or Fisher’s exact probability method using the 
SPSS 17.0 software. Multiple comparisons 
were carried out with the LSD test and 
Bonferroni correction to adjust the inspection 
level.

Results

Establishment of the SD rat model

Since the initial carcinogen administration, all 
the rats in the five groups had poor appetite 

chloral hydrate to induce anesthesia, and the 
breast masses and adjacent tissues were 
resected. All the rats were sacrificed after 200 
days.

Hematoxylin-eosin and immunohistochemistry 
staining

All the rat samples were fixed in 10% neutral 
buffered formalin; after 24 h, the tissues were 
dehydrated in a graded ethanol series. The tis-
sues were then paraffin-embedded, cut into 
4-μm serial sections, stained with hematoxylin-
eosin, and observed under a light microscope 
(BX51, Olympus company, Japanese). Changes 
in UDH, ADH, DCIS and IDC tissues were 
observed in each animal.

The PV-9000 two-step plus Poly-HRP Anti-
Mouse/Rabbit IgG Detection System (Beijing 
Zhongshan Golden Bridge Biotechnology Co. 
Ltd., China) was used to detect the expression 
of P63 (Abcam, 1:200 dilution), CK5/6 and 
CK34βE12 (Beijing Zhongshan Golden Bridge 
Biotechnology Co. Ltd., China). The experiment 
was conducted according to the manual of the 
PV-9000 kit, and the slides were processed 
using the 3, 3’-diaminobenzidine tetrahydro-
chloride concentrated kit (Beijing Zhongshan 
Golden Bridge Biotechnology Co. Ltd., China) to 
obtain a colored reaction. Finally, the slides 
were re-dyed with hematoxylin and enveloped 
with neutral balsam. The slides were observed 
under a light microscope (BX51, Olympus com-
pany, Japanese).

Histopathological evaluation

Histopathological evaluation of rat breast tis-
sue was conducted according to the pathologi-
cal diagnostic criteria for human breast tissue. 
UDH was characterized by dilation of the termi-
nal ducts, budding and extension of the ducts 
to the surrounding fat, irregular curvature of the 
lumen, the presence of occasional shedding 

cells and phagocytic histiocytes, clus-
tering of proliferative lumen epithelial 
cells, papillary or forming a second 
lumen, morphological diversity of the 
cells (with regard to size) and absence 
of atypia. ADH was characterized by 
enlargement of normal epithelial cells, 
presence of cells of similar size and 
morphology, increase in the cytoplasm-
nucleus ratio and increase in basophili-
city. DCIS was characterized by the 

Table 1. Establishment of the SD rat model of breast 
cancer

Group Number of 
deaths

Sur-
vival

Days after pre-
malignant lesions 

were detected

Days after breast 
cancer was de-

tected
GI 2 8 121-181 163-200
GII 1 9 156-200 157-200
GIII 0 10 126-177 144-200
GIV 5 5 169 141-200
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and matted hair. Further, yellow hair; mild diar-
rhea; and orbital, canal, and nasal bleeding 
were observed in the experiment groups. After 
the primary carcinogen intervention, 2, 1, 1, 0, 
and 5 rats in G0, GI, GII, GIII, and GIV died 
respectively, during the 5th to 24th day after 
the primary carcinogen intervention. Torpor, 
poor appetite and matted hair were observed 
after the second and third administration of the 
carcinogen, but diarrhea and bleeding were not 
observed.

At 121 days after the carcinogen intervention, 
lumps and/or abnormal ultrasound image was 
discovered by palpation and ultrasound exami-
nation in each group. Further, the HE pathologi-
cal examination confirmed the presence of pre-
malignant lesions (UDH, ADH, and DCIS) and 
IDC (Table 1).

Normal histopathological characteristics of 
breast tissue in the model rats

The normal breast tissue samples obtained 
from non-inbred adult SD rats contained paren-
chyma and interstitial tissue. Analogous to the 
TDLU in the human breast, the parenchyma 
was composed of terminal ducts and acini. The 
interstitial tissues were mostly composed of 
fatty tissues (Figure 1A). Normal ducts had a 
three-layer structure that comprised of ductal 
epithelial cells, myoepithelial cells and base-
ment membrane. The ductal epithelial cells 
were comprised of two kinds of cells-dark cells 

and intermediate cells [15]; the cells formed a 
slender club-shaped structure composed of a 
single layer of cells. The acini were lined by a 
single layer of cells that were mainly dark cells 
with occasional myoepithelial cells (Figure 1B).

Histopathological changes in breast tissue in 
the SD rat model 

Gross observation: The lump was discovered by 
palpation. It was easy to observe the lump after 
hair removal. The lump was removed using an 
aseptic procedure with the rats under general 
anesthesia. Tumor size ranged from 0.1 cm to 1 
cm, and the lump was observed in the neck, 
abdomen and armpit. The cross-sectional view 
showed a solid or cystic tumor that was gray in 
color. The cystic lumps contained residue that 
resembled bean curd, which was assumed to 
be necrotic tissue.

Microscopic observation: The UDH sample 
showed proliferative cells that were arranged in 
a mixed and disorderly pattern; further, the size 
of the proliferative cells was similar to that of 
normal ductal epithelial cells (Figure 2A). Some 
of the UDH samples also showed a second 
lumen (Figure 2B) and papillary structure 
(Figure 2C). In the ADH samples, the ductal epi-
thelial cells were bigger than normal cells and 
had an increased cytoplasm-nucleus ratio. 
Nuclear basophilicity was enhanced, and eosin-
ophilic substances were observed in the lumen 
(Figure 2D). The ADH showed a cross-bridge 

Figure 1. Normal histopathological characteristics of breast tissue in the rats. (A) The rat breast tissues were com-
posed of terminal duct-lobule (TDL) units and fatty tissue (F); each TDL unit included terminal ducts and acini. (B) 
The terminal duct was composed of ductal epithelial cells (DEC) and myoepithelial cells (MC) surrounded by thick 
basement membrane (BM). The acini (A) were lined by a single layer of cells that were mainly dark cells with occa-
sional myoepithelial cells (HE, original magnification ×400).
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structure (Figure 2E) and was cribriform (Figure 
2F). In the DCIS sample, the lumen of the duct 
was filled with atypical proliferative cells that 
formed a cribriform (Figure 2G) and dense 
structure with comedo necrosis in the center 
(Figure 2H). Further, proliferative tumor cells 
were observed to damage the basement mem-
brane and then infiltrate into the fibrous con-
nective tissue, namely IDC (Figure 2I).

Expression of P63 in human and rat breast 
lesion tissue

P63 expression was observed in the nuclei of 
myoepithelial cells of the ducts. In the normal 
duct, the myoepithelial cells around ductal epi-
thelial cells were poloidal and neatly arranged, 

but they appeared disorganized in UDH tissue. 
Positive staining for P63 was observed in the 
ND and UDH tissues, but only focal or discon-
tinuous expression was observed in the ADH 
and DCIS tissues; further, no myoepithelial 
cells were found in the IDC tissue samples 
(Figure 3).

P63 expression was not significantly different 
in the rat and human tissues (P > 0.05), but 
significant differences were observed among 
UDH, ADH, DCIS and IDC tissues in the rat and 
human samples (P < 0.01). Multiple compari-
son showed that there was no difference 
between ADH and DCIS in the rats (P > 0.01, α 
= 0.05/5), but a significant difference was 
observed among UDH, ADH, DCIS and IDC in 

Figure 2. Histopathological changes in breast tissue in the SD rat model. (A-C) UDH tissue showed proliferative cells 
in a mixed and disorderly pattern; the size of the proliferative cells was similar to that of the normal ductal epithelial 
cells (A), with a second lumen (B) and papillary structure (C). (D-F) ADH tissue showed that the ductal epithelial cells 
were larger than normal cells and had an increased cytoplasm-nucleus ratio. Nuclear basophilicity was enhanced 
and eosinophilic substances were found in the lumen (D), forming a cross-bridge (E) and cribriform (F) structure. (G, 
H) DCIS tissue showed that the lumen of the duct was filled with atypical proliferative cells, which formed a cribri-
form (G) and solid structure with comedo necrosis in the center (H) (HE, original magnification ×100). (I) IDC tissue 
showed that the proliferative cells in the DCIS tissue had damaged the basement membrane and then infiltrated 
into the fibrous connective tissue (HE, original magnification ×400).
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Figure 3. Expression of P63 in the breast tissues from SD rats (left column) and human samples (right column). Pos-
itive expression was found in the nuclei of myoepithelial cells of the ducts. Further, the myoepithelial cells around 
the ductal epithelial cells were poloidal and neatly arranged and showed intense staining for P63 in the normal duct 
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the human tissue (P < 0.01, α = 0.05/5). 
Moreover, P63 expression was not observed in 
human or rat IDC tissue (Table 2).

Expression of CK5/6 and CK34βE12 in the 
breast tissues of SD rats and humans

In rat ND and UDH tissue, the expression of 
CK5/6 and CK34βE12 was observed in the cell 
cytoplasm of myoepithelial and basal cells. The 
expression of CK5/6 and CK34βE12 decreased 
gradually till it was almost absent in the order 
of ADH, DCIS and IDC (Figure 4). In human ND 
and UDH tissue, CK5/6 and CK34βE12 expres-
sion was observed in the cytoplasm of ductal 
epithelial cells, myoepithelial cells and basal 
cells. As observed in the rat tissues, their 
expression decreased gradually in the order of 
ADH, DCIS and IDC, till it was absent in the duc-
tal epithelial cells and almost absent in the 
myoepithelial cells and basal cells (Figure 5). In 
both rat and human samples, CK5/6 and 
CK34βE12 expression showed a significant dif-
ference among ND, UDH, ADH, DCIS and IDC (P 
= 0.000). Nonetheless, their expression was 
not significantly different between rats and 
humans (P > 0.05) (Table 2).

Discussion

Histomorphological analysis plays a major role 
in the diagnosis and study of tumors; the histo-
morphological features of the human breast 
are well known, but details about the mecha-
nisms involved in BC and the associated histo-
morphological changes are not clear yet. Russo 
revealed that the morphological characteristics 
of rat breast are similar to those of the human 
breast [10]; therefore, the rat model has advan-
tages over other models for studying human BC 
and its mechanisms. Our study confirmed the 
similarities between human and rat breast tis-
sue: normal breast tissue in rats was found to 
have parenchyma and interstitial tissue, of 
which the former was composed of TDLUs, 
including terminal ducts and acini, while the lat-
ter was mainly composed of fatty tissue. 
However, differences in lobule units between 
rat and human breast tissue have also been 
reported: each lobule unit is surrounded by 

thick and dense fibrous connective tissue in 
the human breast, while the lobule units are 
surrounded by thin connective tissue in the rat 
breast [16]. Despite these small differences, 
the histomorphological structure of the rat 
breast is nearly the same as that of the human 
breast.

Myoepithelial cells play a considerable role in 
the development of the mammary glands [17]. 
Usual hyperplasia, atypical hyperplasia and 
ductal cancer are commonly diagnosed in situ 
in the human breast, while invasive cancer is 
diagnosed by staining of myoepithelial cells. 
The myoepithelial cell markers that are typically 
used in the clinical setting are P63, CK5/6, and 
CK34βE12. In canine mammary tissues, P63 is 
a sensitive and highly specific marker of myo-
epithelial cells [18]. In nonhuman primates, 
P63 is highly useful in studying the invasive 
nature of mammary tumors [19]. Herein, we 
used P63 for the diagnosis of lesions in SD 
rats: positive expression of P63 was observed 
in myoepithelial cells, and P63 expression was 
not significantly different between rats and 
humans. However, there were significant differ-
ences among UDH, ADH, DCIS and IDC tissues 
in rat and human samples. Specifically, no dif-
ference was found between ADH and DCIS in 
rats, while significant differences were found 
between UDH, ADH, DCIS and IDC tissues in 
human samples. Moreover, P63 expression 
was not observed in human and rat tissue. 
Therefore, the findings of the present study 
also indicate that P63 is a sensitive marker 
that can be used for the diagnosis of lesions in 
SD rats as well as human breast lesions. 
Moreover, in rats, CK5/6 and CK34βE12 were 
expressed in the cell cytoplasm of myoepitheli-
al cells and basal cells in ND and UDH. Although 
they were not as sensitive as P63 as myoepi-
thelial cell markers, they play a similar role to 
P63 in myoepithelial cells. Our study showed 
that in the rat samples, the expression of 
CK5/6 and CK34βE12 decreased gradually 
until it was almost absent in the order of ADH, 
DCIS and IDC. However, the cytoplasm of 
human ductal epithelial cells, myoepithelial 
cells and basal cells showed expression of 
CK5/6 and CK34βE12 in ND and UDH; their 

(ND), but they became disorganized in the UDH tissue. The amount of myoepithelial cells in ADH and DCIS was less 
than that in ND and UDH, and the cells showed focal or discontinuous expression; however, no myoepithelial cells 
were found in IDC (IHC, original magnification ×400) (r = rat, h = human).
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Table 2. P63, CK5/6 and CK34βE12 expression in the breast lesions (ND, UDH, ADH, DCIS and IDC) of SD rat and human tissue (
_
X  ± SD) 

Marker
ND UDH ADH DCIS IDC

R H R H R H R H R H
P63
    Negative (%) 0 (0) 0 (0) 0 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 10 (100) 10 (100)
    Diffuse (%) 10 (100) 10 (100) 10 (100) 10 (100) 5 (50) 8 (80) 1 (10) 0 (0) 0 (0) 0 (0)
    Focal (%) 0 (0) 0 (0) 0 (0) 0 (0) 5 (50) 2 (20) 9 (90) 10 (100) 0 (0) 0 (0)
CK5/6
    Percentage of positive cells (%) 99 ± 3.16 88 ± 16.19 94 ± 6.99 84 ± 15.78 66 ± 29.14 47 ± 29.08 62 ± 28.21 57 ± 27.10 0 0
    Intensity score 297 ± 9.49 264 ± 48.60 262 ± 37.65 228 ± 66.13 167 ± 84.60 124 ± 85.01 143 ± 70.25 152 ± 83.90 0 0
CK34βE12 
    Percentage of positive cells (%) 97 ± 6.75 84 ± 20.66 89 ± 7.38 83 ± 21.63 51 ± 36.95 40 ± 36.82 58 ± 30.84 31 ± 31.84 0 0
    Intensity score 271 ± 42.28 215 ± 81.55 220 ± 36.21 201 ± 75.20 113 ± 86.29 81 ± 72.79 118 ± 58.27 62 ± 63.03 0 0
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Figure 4. Expression of CK5/6 (left column) and CK34βE12 (right column) in the breast tissues of SD rats. Both 
markers were expressed in the cell cytoplasm of myoepithelial cells and basal cells in ND and UDH. The expression 
of CK5/6 and CK34βE12 decreased gradually till it was absent in the order of ADH, DCIS and IDC (IHC, original 
magnification ×400) (r = rat).
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Figure 5. Expression of CK5/6 (left column) and CK34βE12 (right column) in human breast tissue. Expression  
of these two markers was observed in the cytoplasm of ductal epithelial cells, myoepithelial cells and basal cells 
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expression gradually decreased in the order of 
ADH, DCIS and IDC till it was absent in the duc-
tal cells and almost absent in the myoepithelial 
cells and basal cells. They not only played the 
role of myoepithelial cell markers in human tis-
sue, but also played the role of markers for dis-
tinguishing UDH from ADH in rat and human 
tissue. Similar to P63 expression, CK5/6 and 
CK34βE12 expression was also significantly 
different between ND, UDH, ADH, DCIS and IDC 
but not significantly different between rat and 
human tissue. Therefore, rats and humans 
have the same molecular markers for myoepi-
thelial cells, and these markers may also play 
an important part in the differential diagnosis 
of breast lesions in rats.

DMBA, as a proven toxic tumor-inducing agent 
in animal models, has been reported to induce 
BC too [20]. It is reported to mainly induce the 
formation of lesions of the terminal ducts and 
induce hyperplasticity of the ductal epithelial 
cells, atypical hyperplasticity, and subsequent-
ly canceration of the ducts [21]. Studies have 
also reported that estrogen-progestogen could 
induce lobular hyperplasia and canceration of 
lobules [22]. Further, hormone replacement 
therapy in postmenopausal women is associ-
ated with BC [23], which means that estrogen-
progestogen plays a definite role in the occur-
rence of BC. It is speculated that a combination 
of DMBA and estrogen-progestogen would work 
synergistically to induce the development of 
BC. This combination can be used to produce 
the SD rat model for premalignant breast 
lesions [24]. In our study, we found that many 
types of breast tissue lesions that occurred in 
the rat model were induced by the DMBA and 
estrogen-progestogen combinations, including 
benign lesions, precancerous lesions and 
malignant lesions of the duct and lobule, which 
are similar to lesions in the human breast. In 
our study, we used ductal lesions of human and 
rat breast tissues, including UDH, ADH, DCIS 
and IDC. The changes in the ductal lesions indi-
cated that the development of BC was a 
sequential process that progressed from 
benign lesions to precancerous lesions and 
then malignant lesions. Such changes in the 
lobule lesions of rat breast tissues need to be 

investigated further in the future. These find-
ings indicate that this SD model can be used 
for studying the development and progression 
of human BC and may be more suitable than 
the currently available models for investigating 
BC. 

Considering the complex pathways involved in 
the development of BC, different kinds of mod-
els will be needed to explore its mechanism. 
Our model specifically provides a histomorpho-
logical basis for probing the molecular mecha-
nisms of BC. In the future, this model can be 
used for molecular typing and studying the 
effects of endocrine therapy in drug-resistant 
cases.
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= human).
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